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Identification of synaptotagmin gene family members in alfalfa and their transcript

profiles under abiotic stresses
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Abstract: Synaptotagmin (SYT) proteins in plants belong to the calcium-binding protein family and have attracted
much attention in the field of plant biology research. Members of the SYT family have been identified in Arabidopsis
thaliana, but little is known about this gene family in the legume alfalfa (Medicago sativa). In this study, 21 SYT
genes were identified in the alfalfa genome based on searches using A. thaliana SYT gene sequences. The alfalfa
SYT genes were then analyzed using bioinformatics methods. Phylogenetic analysis of SYT proteins of M. sativa,

M. truncatula, and Arabidopsis (21 MsSYTs, 25 MtSYTs, and nine AtSYTs) clarified their homologous
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relationships and divided the MsSYT genes into four subfamilies. The putative proteins encoded by MsSYT genes
showed some differences in their predicted physicochemical properties, but the gene structure and conserved protein
motifs were highly conserved among the subfamilies. Analyses of the promoter sequences of MsSY T genes revealed
cis-acting elements including light-responsive elements, stress-responsive elements, and hormone-responsive
elements, indicating that MsSY Ts plays important roles in plant growth and development and in responses to abiotic
stresses. Chromosome localization analyses revealed that MsSYT genes were unevenly distributed among the
chromosomes, and collinearity analyses detected two sets of non-tandem repeats and two sets of tandem repeats.
Real-time quantitative PCR (RT-qPCR) analyses showed that some MsSYT genes responded to salt stress, cold
stress, and drought stress, and MsSYT8d responded to all three stresses. This study is the first description of SYT
genes in alfalfa, the physicochemical properties of their putative encoded proteins, and their evolutionary
characteristics and transcript profiles. These results provide a solid theoretical basis for further research on the
functional characteristics of MsSY Ty in plant growth and development and abiotic stress responses.
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TEAE ) A= i 195 2l 04 52 2% 45 0 2% oy B PR K06 0 S BB F 98 — L2 AR W 2 U B o A T 19 SY' T & RIAE
by G i 58 fih 25 & 25 1 (synaptotagmin, SY T ) & PR G5 (1) 85 22 ) 51, I 4F R 32 BIRMIE N iy T2 6 . HAEHEY)
20 M N AR R A SCBE Y AR W 2 D RE AR R AR IR 0 S e 0, LA B 0 RS 2 R A e R A R A O T sk A
Mo MY SY T He DY Z 1 £ 25 11 il 3 £ 7 Ca™ 45 B 45 i I (C2 25 M 380 | ik 2 — > HE B A0 5 B 145 4 3, D i iy
J5i ¥ (endoplasmic reticulum,, ER) 5 Jii i (plasma membrane, PM) 45 & 76— 2 , A B T 98775 40 e N 09 15 5 1% 3 Fn
Bl . C2 85 M B2 R T EF -hand B2 =K Ca” W S5 A 5, & B A JE DRSO S5 48, i 4 JBOR B & I i
SR F-AT R ZFIAL . C2 45 My A 45 2 130 4~ 3% 3 |, fe - 76 2K 1 I C (protein kinase C, PKC) Hg & B 7,
FRAR C2 55 b A B4 28 1 AR 2540 10 DRI B T DAES AR 6 Jr 2 45 & Wl i O 1 H A L W) i T B RRAE . 7
PEELH 45 (Medicago truncatula) " ,MiSyt1 M1Syt2 Fl M1Syt3 &35 F 434 2 8VF I A g 2% G X ATE 2 X 3T
Vi 240 1 )2, 2 i 45 A B VA 1) R A 5 AR JR T ) R ORI S A A I B R BT AR DG . BRI SXAIE 52, C2 25 M 3
EAARNSHESHS 05580 WGE M AL A SR, BT C2 45380, SY TR & A — A 5 fil 2 AR 4R
WA N 5 285 4 8 H (synaptotagmin-like mitochondrial lipid-binding protein, SMP) 45 #4 3 , X} F 7£ ER F1 PM 2 [1] %¢
WIRTECHEE , SYT & P Y X Se 25 0 Sl 58 0% 2 15 IR & 25000, O 6 A 400 200 B 1) P9 B 2R 36 v R G B VE

Y H By SYT 3 FA B S AR E Wi aa A G o Bl 7E7K 7 (Oryza sativa) 1, OsC2DP B2 R AE R 38 T
N 200 5 % e ) 40 B S, 5 TR A T R BRI Z AN BRI (Arabidopsis thaliana) SY T 15 T 54> i
A(SYTI~SYT5)TEAEA Y 38 T G AR I 38 me 7 o ke 3 OCSEAE ] o e il0e SYT1H SY T3 7E L 18 ik ie
R DI RETUAY , SY T 57BN BT (sye DAEA N T NaClLFI Ry Ca™" 1Y 15 77 5 o 3 B AR KOk 55 | 1M 76 45 in NaCl
FIE Ca™' B B R 5L rp syz ] F P AU . 5 87 A4 R (wild type, WT) L5 37 A1 Eb , NaCl 23 B A% sy IR 9 006 &
VEFR, T4 32 M2 8 N 2 & fmth 20800 AL OC I R 2 3™ . 4R IF syl RAE R R IR RER i T
AT B D T SY T3 AN FE T 5 B 2R RUAHAL AH & 5 sy DA EE ,syed /sye3 3¢ B B 7™ % 200 Jf 463405 5 ) A+
syt ] EAF R 28 76 A 38 N S 6F V8 R I 30 S 500, T sy 1/ sye3 W) 26 B0 M O o () R SRR P L X 8 W sy 1 R sye3 A R TUAR
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SYT JE DA AE V8 5 A ) A R & R AR A= ik 3a 07 1A A EE B R (ER R I S5 B 5T 1 A A X 8D
BAHEE (M. sativa) PR R B Z £, BAEY ™ B BB UGE N PRSI RFe . B —Ffh ik
F2 B 109 R U8 DU A5 Ak (2n=4=32) R} & 15 JE a9 , R VR T DA B3k i B rp O R PE RGO 3 22 R AR K XY
AR 2 X E P TR E RN AERKRKE o SR TE 00 D2 AR X R T A B AR DI SR A A
SY T MK 15 i 0t T BoA Z e, o Thae ot B & 2t .

BZ X MsSY T R R D1 68 B9 W) 25 W 58 AU B T BRAR S A6 B A& vh SY T 3R Y I 55 4, 38 7T RE S T &8 1Y
PUI 5 AL B A5 AR A B0 Bl
1 #MR5FE
1.1 MsSYT R B Rk & A B R 5 47

i 3= A 5 Sk A48 R IF R 3 T AIR Chttps: //www. arabidopsis. org/) 3R B AzSY T 3 [H 52 it m¥ 51 (1) 2 11 ¥
BRI g IF 4 FE 4 7 51 o A 48 A6 1 A 3 R 4L 3k (https < //figshare. com/s/0077117d12f067b8fadf) 3k Bt 3k [H]
ABE cDNA TG 8 750 FE R SCfF . 38 3k AtSYT 8 14 %5 51 Blast 43 #7753 3] MsSY T 3 KRG . A
pfam %04 & (https: //pfam-legacy. xfam. org/) T #& SY T 3 A 55 11 25 (A 25 F 38 (PFO0168) X Iif 119 & B /) 1] K A6
A1 (Hidden Markov Model, HMM) U4, f#i Ff hmmsearch v 3. 3. 2 X F X LA B E AR F S 7R, S 50N
Bk, GIEMAIE RIS E, R BRICARJE 193 17 51 31 58 CDD %4 )£ (conserved domains database, https: //
www. ncbi. nlm. nih. gov/Structure/cdd) W 17 B iE J5 1 8 5546 B 45 SY T IE P S Al 0t o [A) BRI B 3 Oy 16
FEBERE S LA o R TBtools THE N 45" 2B FL I GFF U158 T 80 %8 1 MsSYT H ¥
IR E oy AR RS K P IS S L AR
1.2 MsSYTHABE R&MR R FERS T AR RERE 57

MsSY T W7 B A5 Sk A 8 25 X 418008 % (https: //figshare. com/s/00771{7d12{067b8fadf) . # ] TBtools
W T A MsSY T & AE Qe R [0 43 A5 vl AR JF X Ho e i R B S BRI R AT 1 0 b, SRR R AR (A
A 2 DX, AR IR A2 R 0 B PR M B B HE A T [A] — SR e AR b I I S AR AL L B B A I )
FEU L FH MEGA 11 8 #E", R JH 48 4% 1 (neighbor-joining, NJ) , % & £ % 2 % (bootstrap) 24 1000, %t
MtSYT AtSYT I MsSY T I 1 #AT R G K B 5347 -

1.3 MsSYT KR4 M BAR T K557

FIFH NCBIZE £k [ 3 (https: //www. ncbi. nlm. nih. gov/Structure/cdd/wrpsb. cgi) $#2 B MsSY T 3 [ () 45 ¥4 3C
4, F H MEME"" 7 £k I’ % (https : //meme-suite. org/meme/index. Html) $#& B MsSY T 3 [H ) motif X4 . i F
TBtools F A4 XF MsSY T 1y 5 [ 45 #4 Fil motif Al #LAL .

1.4 MsSYT & BIIRX AR R A2

WAL B A B R 20 P AR IO MsS Y T BB 147 2000 bp (49 )i 3l X 3UF 51, B HI 76 28 9 3 PlantCare (https: //
bioinformatics. psb. ugent. be/webtools/plantcare/html/)"™ #il il MsSY T % X i sl 7 9 i =X £E I oc 14 , 7
TBtools # 4 Al M4k .

1.5 MsSYTAR WAL B K E IR SYT AR X&) 3k & o7

FI H TBtools # A4 (1) — 4 X MCScanX-Super fast #2 7, % 56 8 8 42 F 44 g0 47 %52 , I A F % 22 7 K6
MsSYT Z [a] ) S L XS DL J2 5 MeSYT M ASY T Z A Y SLEPESE & o MsS YT Jr A U RE A5 (0 p o7 5 15 2347
TBtools 43k B .

1.6 FE A it T MsSYT B oy &k B X 447

e A5 A E A PP E T A A IR ACR M RS SR L R L RF R K B A~5 e B B R R 2
21 d, B J5 % i A R A 9 vk 2 4T 48 (200 mmol- L' NaCl) , F 2 (15% B 2 ZFERI 15% PEG) i (4 °C) AbHE
FERe A AT Ak PR AR AR AE D X5 BRCCK) o HOAD B 1A Ak AN [w) i ) B 1) 5% 48 B 4 T &% 3 v &2 i (0.6 . 12 F11
24 h) IF HEHCRNA #E17 I 5% £ 4545 ¢cDNA , i i+ RT-qPCR (real-time quantitative PCR) 38 BU MsSY T 1 3 35 & %
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o A T 2024 4F 9 AE AR ML B 2% B AL 5t E MR B I 5 0T A A S 7 R A A S 5 = 8
1.7 % FEH

i 3t Excel 2019 F1 GraphPad Prism #4217 RT-qPCREIEAL #(P<<0. 05 R /R E R B E ).
2 ER5HW
2.1 MsSYTHARE Rk M i 6% T 5 @AM R 55

LU AT O 1 ASY T IR 3l i) Blast NSEIEH A& h i ) T 649 > MsSY T 3L, 45 4 1% 3L A A
REA C285M 3, i — P ¥ 21 MsSYT S . B iX 21 MR S P IT RE R T X RFTm 4
(26 D)X H i 09 & A K B o 7 8 DL R 5 H i (isoelectric point, PDZEdE4T T 40 #r o 45 SR R MsSY T % Ji% il
BEAKERKB(MsSYTI13) K 1323 aa, it 5 1 (MsSYT2) J 535 aa; 43 T & K 60. 98~151. 85 kDa, %5 i, /5 &
5.77~9.29, /T HARTE RECK I MsSYT FIGE W A h AT B H A 48%  FaE B HA 52% . A
GUER R SRR PR B 1, 2R K BE 1 R HK i

1 MsSYTERRRERERSS
Table 1 Analysis of the basic properties of MsSYT gene family

HNERS e SR EARE T I A E R EL ISESPYIN ¢
Gene ID Gene name Protein length Molecular weight Isoelectric point Instability Grand average of
(aa) (kDa) (pD index hydropathicity
Msa083526. 101 MsSYTI 537 61.44 6.36 29.74 —0.339
Msa000097. t01 MsSYT2 535 60.98 7.61 32.65 —0.250
Msa005119. t01 MsSYT3 544 62.05 8.40 35.48 —0.091
Msa086529. 101 MsSYT4 821 92.00 6.92 40.18 —0.216
Msal83305. t01 MsSY TS 566 63.51 5.96 31.42 —0.095
Msa027845. 101 MsSYT6 1023 114.98 5.77 48.58 —0.267
Msal12806. t01 MsSYT7 764 87.85 6.67 43.22 —0.045
Msa083527. 101 MsSYT8a 945 107.72 6.10 38.93 —0.400
Msa083527. 102 MsSYT8b 645 74.41 5.86 39.96 —0.351
Msa083527. t03 MsSY T8¢ 717 82.48 6.34 39.31 —0.348
Msa083527. 104 MsSYT8d 645 74.41 5.86 39.96 —0.351
Msa083527. t05 MsSYTS8e 717 82.48 6.34 39.31 —0.348
Msa038100. 101 MsSYT9 561 63.29 5.78 34.12 —0.099
Msal57005. t01 MsSYTI10 775 89.45 9.20 45.43 —0.261
Msa081502. t01 MsSYTI11 770 88.96 9.29 42.32 —0.262
Msal79019. 101 MsSYTI2 1005 114.51 9.16 45.19 —0.387
Msal56608. t01 MsSYTI3 1323 151. 85 8.93 41.08 —0.403
Msal56589. 101 MsSYTI14 1013 115.13 9.27 43.45 —0.371
Msal35465. t01 MsSYTI15 828 93.71 6.90 45.36 —0.301
Msa056918. 101 MsSYTI16a 568 64.18 5.98 33.88 —0.114
Msa056918. 102 MsSYTI16b 1045 120. 18 8.97 43.06 —0.473

2.2 MsSYTHRBRARBRR M ERS R AL ZREE 5

iz J TBtools T.H A BT &I MsSY T KI5 I 5 AN 5) M o3 A 46 8 S ek 1 (8 1), Hp 88 4 SR e 4K 1 43 A
ML 2 A BEEEE N 5D (MsSYTS8a MsSYTSh MsSYTSc MsSY T8 M MsSYT8e) , i 1E 45 2.5 1 6
F U A b o A B FE R D 0 B Ay A — A FE R (MsSYTI12 MsSYT7 MIMsSYT15) . {E45 3 & e ik s
A~ R SR (MsSY T16a I MsSYTI166) o
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Fig.1 Chromosomal distribution of MsSYT gene family members
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2.3 MsSYT AR 6T Rp T EMBALE AT
FI FH TBtools 5 A Fl MEME 7£ £k W 3 X MsSY T J& R SF 3 7 08 <7 45 My 3 ] S R e /g 647 7 4081 . 4521
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Fig. 2 Phylogenetic relationships of SY7 gene family in M. sativa, A. thaliana and M. truncatula
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MsSYTI14 5 &A1 B¢ 5 1 4 i )7 31 (coding sequence, CDS) , Hifth JE [ ) CDS [y 5l th Z Bt i . MsSYT7,
MsSYT9 MsSYTI1 MsSYTI13 Fl MsSYT14 3 A3 % A #1% X. (untranslated region, UTR) . MsSYT 1 i J&
K & A SMP Al C2 RSP &5tz — 50 E P& A . il it MEME 78 26 [ 3 XF MsSY T /9 0/ ~F 55 15 3647 T 43
B, P57 B P R H 52 SO 10, e 5 58 1 10 A PR AF BE )7, 4 44 ) Motif 1~10, HHBLAL 2 19 2 DR SFHE 7 2R
Motif 6 Fl Motif 8, £ 7E T A~ MsSY T R PR v, S5 3 24~ He P 76 MsSY T 1 b5 v i BE ORSF, AT REAE SY T R ¥ T fig
B B A PE

_ﬁgg;gb — i —————H—n

MsSYTI0 —f—m—pf—— N H— e B Mo T

MsSYT9 N — 3£ Motif 2

MsSYT7 O = — JEF¥3 Motif 3

MsSYTII T [ m— ] — = JLFF4 Motif 4

MsSYT14 BT, s [ N | [ — = JLJ5 Motif 5

MsSYTI3 & 2 AF—M— s [ O 1T = %6 Motif 6

MsSYTI2 -5 F-E——F [ e SE/77 Motif 7

MsSYTIS — w5 op — — . [ HIHE JEFF8 Motif 8

MsSYT4 o [ ] DO = 5E159 Motif 9

MsSYT5  —oTs—THs—3e- o S I-HH-— %’?QEAOHS\?Pdomain

MESTTI (e — o il e

MsSYT6 {2t [ || THTHIH

Mﬁ% A & = W"G‘ i —HH—TH—n

s " HH -
I il sl IR s s, it il S S T s T R S Tl M- BT il B il Sl Y
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e S

v 0 RSOl A s T L O VN A 1S CML A O e 8 21k
2. ST LRI O RNV VY TR ONGCR AT BT T SV G 0 L ETIOR SRR ONL VTGS s oomo
3. 5TWOTER O 16 TR RN EEETE LML F L OO0 A OESCLH EGOMERK 0 60 MEEOMTME T OO ELY s ovro
. WA S o 0 b s, oAt el S0 AL 7 120
. SEFLE TR TR e Sz, ol s Al 7 aeae
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8. i:!xlish&lmﬂs&fiufm;! 16 81x10™
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Fig.3 MsSYT genes phylogenetic relationship, conserved motifs, conserved domains, and gene structural analysis

UTR: Untranslated region; CDS: Coding sequence.

2.4 MsSYT kR 69 X AR T 541

HJH PlantC ARE 34 J72 4f MsS Y T Y 2 5 %5 5% 1 37 2000 bp 3 8 X 358 59 0 2078 1 7T 4 #4720 B, %58
455 S e SO TG A T 3 0 R T A R B e T 4 A P 8 2 RO AR ST . S e T A AE TR MsSY T R B
958 31 L BTG mE NE TT AR A % Rl R A DG AR T T o3 A W AR 22 49 383 e 1 T 1 b oA A K 3R e
AR 2 TT A 2 AT R R 8 ) 97 A 56 00 L iR B 28 0 1 A O T 1R LV TR RS R 56 I8 4 A B K A R i 8 AR O T A L T
M M X eI TR S AE K E F MK (K 4) o BR T MsSYTS8a . MsSY T8¢ Fl MsSYTS8e iX 3 4~ 4 K DL &
MsSYT16a # MsSY T16b 1ML AE HITCAE 73 A AR ) &b, HoAth 8 PRy =4 I oo 4 0 A 22 S AR . XA I oo
A 104 (MsSYT4) , Je Z (04 334 (MsSYTI10) . FrLh SYTH: K i Sh fEA7 1 ZREE .
2.5 MsSYTHARBE AR LS M@ KEB ESYT KRR X6 69 3k &0 5 47

T WG AL B S SY T He IR G20 N 1) ik I i &2 <, R FH SR 2 v 0 B 1 X S8 A6 BT 78 SY TR, DL I 58 48
EfE SRS SYT I A 5o HAE SYT W Z M I M R AT T 0. S5 R RME R B 15
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MsSYTS8h —{% {+— H T —MT—Hr O IR S e
MsSYTlT —m—7T7Tl—H—mMm—{ 1T ™"—{HY— Anaerobic induction-responsive element
MsSYT10 - —T -0 ————H—— O AERRIANILf
MsSYT9 O—+}+——H T ', Auxin-responsive element
MsSYT7 ————————— e SR S o
MsSyT!1 T—-mrme—/—-_m—{——rrrr—¥r{,— Methyl jasmonate (MeJA)-responsive element
MsSYT14 —————FHP———— Y = e R At
MsSYTI3 TH+————— T —— T+ {1 Light responsive element
MsSYT12 AT - F—HH o— B S
MsSYTI5 Th——+—— T Defense and stress responsive element
MsSYT4  THH—™ {} +—? THHD p— 5 7 3 U TG A
MsSYT5 ——{+—PTTHT} — I —m Qilltaerellin—rgsponsive element
MsSYT16b —my oo —T m—mnn-n—mm FREERRELTHE
MsSYT16a T m —T— scisic acid-responsive element
S e a—— S — T ey e i S
MsSYT?  —— P ———T— - —————————PHT—T+—TT+ Growth and development-responsive element
MsSYT6 e 0 L
Drought responsive element
+—0 TH T+ +— T — b
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priitiotim == o B8 B0 e
1

- . \ Salicylic acid-responsive element
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Fig.4 Analysis of cis-acting elements of MsSYT family members
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Fig.5 Collinearity analysis of MsSYT gene in M. sativa
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X AL R I B BE A RN SR RS Sy M BEAT T LR AT B A (17X ) 5 AR B AE SY T IRD IR v Y R A
Z T I (6X), X RUPERALE TS F — BB YR B SYT 5P Y [a] 95 4 58 &, 7E D A8 I nl 8 55 AH
PI(E6).
2.6 AR T MsSYT A B 89 &k 48 X 5 #7
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Fig. 6 Collinearity analysis of SYT genes in M. sativa, A. thaliana and M. truncatula
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Fig.7 Expression pattern of MsSYT gene under drought stress
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Fig. 8 Expression pattern of MsSYT gene under salt stress
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Fig. 9 Expression pattern of MsSYT gene under cold stress
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